The relationships between eating frequency and adiposity and cardiovascular risk factors have been poorly investigated in children. To evaluate this issue, anthropometric indices and blood pressure (BP) were measured in 3668 children, aged 6-11 years. Meals/snack frequency, assessed by a questionnaire, was 'Low' in 332 (p3 meals/day), 'Intermediate' in 1334 (4/day) and 'High' in 2002 (X5/day) 001 by ANCOVA trend analysis adjusted by age, sex, birth weight, physical activity, parental overweight and education level). BP decreased from Low to High group but differences were no longer significant after adjustment for BMI. In our sample of school children, the daily eating frequency was inversely associated with the degree of both total adiposity and central fat deposition.
Introduction
Previous studies in adults have suggested that individuals consuming a higher number of meals per day show an improved cardiovascular risk profile, particularly reduced total fat mass. [1] [2] [3] [4] [5] While available results are not unequivocal with respect to the association between number of meals and total calorie intake, [5] [6] [7] distributing the calorie intake during the day may 'protect' against lipotrophic factors, such as insulin. 8 The association between eating frequency and cardiovascular risk factors has seldom been investigated in children. However, we described recently an inverse relationship between the number of daily meals and body mass in a sample of children screened for obesity. 9 The aim of the present study was to investigate the association between eating frequency and body mass, fat distribution and blood pressure (BP) in a large sample of school children participating in the ARCA Project, a crosssectional survey of childhood obesity carried out in 2003/ 2004 in Southern Italy in cooperation with the Agriculture Department of the Campania Region and the local National Health Service Authorities.
Methods
Three thousand, seven hundred and ninety-five children (71% of the eligible sample, age range 6-11 years), representative of the 6-11-year-old population living in the Avellino District, participated in the study. Parents, or legal guardians, provided written informed consent. Body weight, height, waist circumference and BP were measured according to standardised procedures, previously described. [9] [10] Parental clinical history, demographics and lifestyle were investigated by a questionnaire. 10 Parents were requested to indicate which snack/meal the child used to have among the following: breakfast, mid-morning snack, lunch, mid-afternoon snack, dinner, and milk before going to sleep (maximum six meals/snacks). Allowed answers were 'Yes' or 'No;' the questions referred to the eating frequency of the last 12 months. The responses were then pooled into three categories: p3 meals/day ('Low'; n ¼ 332), 4/day ('Intermediate'; n ¼ 1334) and X5/day ('High'; n ¼ 2002). Analysis of variance or of covariance (trend analysis) and w 2 statistics were used to compare differences or frequencies, respectively, across groups. Age-and sex-specific Z-scores of BMI, waist and BP (i.e. expressing the variables as number of standard deviations to adjust for age-and sex-related differences) were used for statistical analysis. 10 Statistical significance was accepted at Po0.01.
Results Table 1 shows the characteristics of the study group. Children eating more frequently were slightly younger and showed a trend (not statistically significant) towards lower prevalence of parental overweight/obesity as compared with the other groups. About 45% of children in the Low category habitually skipped breakfast as compared to 33 and 2% in the intermediate and high meal frequency categories, respectively (Po0.0001). After adjustment for age, sex, birth weight, physical activity, parental overweight/obesity and parental education level, a significant trend to lower BMI and waist circumference was observed moving from the Low to the High eating frequency categories (Table 2) . A similar, statistically significant trend was observed for both systolic and diastolic BP. However, BP was no longer significantly different across groups when adding BMI in the ANCOVA model (Table 2) . Differences remained statistically significant, independently of covariates, comparing BMI, waist and BP age-and sex-specific Z-scores among the three groups.
Employing stepwise regression analysis, with BMI or waist circumference Z-scores as dependent variable, the eating frequency entered the equation at a highly significant level, immediately after parental overweight (B ¼ À0.238 and À0.220, for BMI and waist Z-score, respectively, Po0.001).
Comments
In this large sample of school children, eating frequency was inversely associated with body fat mass and abdominal fat deposition independently of age, sex, birth weight, physical activity and parental overweight and education level. In this general population, the apparent association between meals/ snack frequency and BP was dependent on body fat mass.
Previous studies have suggested that the number of daily meals is inversely associated with a lower degree of adiposity or better cardiovascular risk profile in adult populations. [4] [5] [6] [7] To the best of our knowledge, this is the first report of such an association in children. Body fat, BP and eating frequency G Barba et al
Biological plausibility for this association could find its roots in the documented effects of meal frequency on insulin metabolism and/or sensitivity. 8, [11] [12] [13] Although the net effect of the number of meals on total energy intake is still under debate, [5] [6] [7] some studies have shown that a higher number of meals is usually associated with reduced fat, and increased carbohydrate intake, [6] [7] and improved variety of nutrients assumption, in elderly. 6 Finally, it has recently been suggested that meal frequency and/or regularity in taking daily meals might also influence diet-induced thermogenesis, [14] [15] energy expenditure 16 and leptin secretion.
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Several studies have suggested that skipping breakfast is associated with overweight and obesity: [17] [18] [19] as expected, in our sample, reducing the number of daily meals/snacks was associated with a propensity to skip breakfast. Although we cannot exclude that the attitude towards eating or skipping breakfast could have strongly influenced our findings, it seems that the so-called 'fourth meal' 4 could have exerted further benefits. Indeed, in the present study, BMI and abdominal adiposity decreased across eating frequency categories in a linear manner. This study also evaluated, for the first time, the relationship between eating frequency and BP. Although we did not find any independent association, and given the complex relationships with energy intake, the issue merits further investigation in other age ranges with a wider interindividual variability in BP.
The present study suffers from certain limitations. In particular, the energy intake was not estimated, thus preventing any conclusion on its relative role on the phenomenon being observed. In addition, as for most questionnaire-based investigations, our results may be affected by recall bias; however, the internal consistency of results across several outcomes, and the high statistical significance, reduce the likelihood that results were due solely to chance. Finally, it is important to underline that the population under study showed a high prevalence of overweight and obesity, in line with prevalence data from Southern Italy available in children. 20 For this reason, the results of the study cannot be generalised to populations with a different prevalence of overweight.
In conclusion, the present study evaluated, for the first time in children, the relationship between eating frequency and diverse risk outcomes, such as body mass, body fat distribution and BP. The results are likely to have implications for paediatric overweight/obesity prevention and may encourage further studies to investigate the pathophysiological mechanisms underlying the inverse association between eating frequency, body fat, fat distribution and BP.
